In the present work we have studied changes of mesospheric temperature over the powerful storms Wilma, Haitang, and Katrina using measurements of the space vehicle TIMED. We have found the temperature increasing at the altitude range 80100 km. We have found the explanations for the obtained results by the dissipation of the gravity waves. Propagation of atmospheric gravity waves in a non-isothermal, windless atmosphere, with taking into account the viscosity and the thermal conductivity, has also been modelled in this work. We have determined that the maximum of amplitude of the atmospheric-gravity waves at the considered characteristics corresponds to altitudes of near 90 km (mesopause). It was found that the main factor inuencing propagation and dissipation of the wave in such cases is the vertical temperature gradient. Viscosity and thermal conductivity have less inuence on the wave amplitude.
sure at microbarogrammes; wave variations of ozone concentration and other impurities in the middle atmosphere; wave structures obtained by the ionosphere's radiosounding method, etc. [16, 18, 20, 24] .
There are tens of possible sources of AGW, among which the most potent are: tropospheric cyclons and frontal systems; solar terminator; hurricanes; storms; nuclear tests; large-scale anthropogenic disasters; earthquakes; volcanic eruptions; supersonic rockets' ight etc. [11, 29] .
The spectrum of gravity waves in atmosphere is very wide. They can have periods from a few minutes up to tens of hours [10, 27] . As the AGW propagates upwards in the adiabatic regime, the AGW amplitude increases as density decreases [15, 24, 42] .
Meanwhile, as the altitude increases, the adiabatic condition of the wave propagation breaks. Such an eect mostly leads to the loss of durability of these waves and to their dissipation.
Investigation of AGW at altitudes of 80100 km and identication of the source of the AGW meets a range of diculties [13] . It is particularly dicult studying this problem by ground-based imaging techniques. Short horizontal wavelength AGWs reach the airglow region a few hundred kilometres from their source, which means that the groundbased imagers must be placed close to the source region. However, the periods of intensive convective activity are also periods of considerable cloudiness, which often precludes imaging observations. Then, there is some evidence that the AGWs, which are seen in imagers, may be ducted a considerable horizontal distance from their source, making it difcult to determine the origin of these waves [40] .
Finally, until recently, there were almost no spacebased instruments capable to make images of AGWs above the troposphere. Nevertheless, there were several studies attempting to determine specic AGW sources. They could be separated into two classes: those regarding AGWs which travel directly from the convective source to the observation height, and those regarding the ducting or trapping of AGWs.
There are only a few such reports of the rst f ormer category. The rst one was a ground-based study by Taylor and Hapgood [37] , which observed curved wave fronts with a centre approximately 200 to 500 km from the observed wavefronts. They used the estimates of the wind and temperature proles from the limited satellite and model data available * kozak@univ.kiev.ua for analysis. The horizontal wavelength was about 25 km, and the intrinsic period was found to be approximately 17 min. From meteorological charts and lightning data it was shown that there were transient thunderstorms present in the studied region, which were found to be the source of these AGWs.
Another study was based on space-based observations by Dewan et al. [4] . It used infrared data collected by the Midcourse Space Experiment satellite, originating at altitudes of 40 km which showed circular wave-fronts with a horizontal wavelength of approximately 25 km. The source of these waves was also identied as a thunderstorm.
The nal study was by Sentman et al. [31] , who observed nearly concentric wavefronts emanating from a tropospheric source region (thunderstorm).
In the second category, there were a number of investigations that attempted to explain the prevalence of AGWs in airglow imagers with horizontal wavelength values which are typically several tens of kilometres, have ground-based periods of ten to several tens of minutes, and are imaged a long distance away from a specic convective source [5, 12, 13, 23, 26, 36, 38, 40] . Walterscheid et al. [40] presented the idea that this was due to ducting of the AGWs in a thermal duct present in the upper mesosphere and lower thermosphere. Hecht et al. [13] later suggested that modications of this thermal duct by winds must also be considered and the waves may be trapped rather than purely ducted.
In [1, 13, 38, 41] numerical modelling of propagation and damping of the atmospheric gravity waves
Since AGW are considered to be a possible mechanism responsible for the energy transport from the lower atmospheric layers upwards, we decided to perform a numerical modelling of AGW propagation in the Earth atmosphere. Our method is based mainly on the method of solution of the NavierStokes equations, described in [6, 7] . It is similar to the multi-layer methods, which were rstly considered by Midgley and Liemohn [22] . AGW, while
propagating in an inhomogeneous atmosphere, can dissipate its energy both by self-damping and by redistribution via various dissipative processes (viscosity, thermal conductivity etc.). Calculations of Midgley and Liemohn [22] are based on the assumption that energy redistribution between gravity waves and dissipative processes in the lower atmosphere is negligibly small, so that waves can be considered as of gravity type only. The iterative scheme used in this method is valid until dissipative processes dump much faster than atmospheric-gravity waves. Volland [39] showed that viscosity and thermal conductivity may be important at upper atmospheric levels.
He admits that the gravity-wave dominated solution used for lower altitudes, will be gravity-wave dominated at high altitudes also. In this work we solve the Navier-Stokes equation taking into account dissipative processes. We consider a plane-parallel atmosphere consisting of homogeneous layers with constant temperature T 0 , mass M , adiabatic constant γ, gravity g, viscosity to density ratio µ/ρ 0 and thermal conductivity to density ratio λ/ρ 0 . We linearize the system of equations relative to the unperturbed steady state of the atmosphere:
where u ′′ , p ′′ , ρ ′′ denote a 1st-order perturbation of velocity, pressure, and density, caused by the propagation of the wave, R a is universal gas constant,
We search the solution in a plane mode:
A p , A T , A z and A x are scaling factors. The horizontal wave vector k x and the real frequency ω are assumed to be constant throughout the atmosphere, since the atmosphere depends neither on spatial coordinate x nor on time t. On the other hand, vertical wave vector k z varies through the dierent atmospheric layers.
Substituting a plain mode solution (2) into the (1) we turn the system of dierential equations into a system of algebraic equations. We join the solutions for waves in dierent adjacent layers by assuming continuity for vertical velocity and moment ux. For a certain ω and a horizontal wave number k x , the scale parameters A z , A x , A p , and A T are dened by the following formula:
where the dimensionless parameters are: waves at altitudes of 8090 km over mountain [9] , and temperature disturbances from a tsunami (increasing by 1012 K [35] , wave periods are ∼ 30 min [2] ), and also are in good correspondence by order of magnitude to experimental estimations [1, 13, 32, 33, 34, 38, 41] .
In addition, the results of this work agree with the results of previous studies [19, 20, 29] .
Note that nowadays there are researches in which the existence of the inverse connection is discussed, i. e. when the AGWs starting their spread from auroral ionosphere regions have an inuence onto extratropical cyclones [28] . Rees et al. [30] identied sources at high latitudes of strong vertical winds of more than 100 m/s, resulting from local geomagnetic energy input and subsequent generation of thermospheric gravity waves.
As was mentioned in introduction the stability of AGWs is breaking with increasing altitude, and they dissipate. The dissipation of wave energy at mesopause altitudes causes heat ows comparable with solar ones [8] . As a result the turbulent layers appear in atmosphere, which are generally observed in regions with highly deected proles of the tem-perature and wind velocity [19] . In troposphere the life time of such layers is longer, and they can exist for long time after turning o wave source of the turbulence [17] . These turbulized regions can, in turn, be sources of AGWs (secondary AGW) that propagate from the regions of primary wave dissipation. The possible generation of secondary gravity waves during wave front breaking and wave decay at mesopause altitudes is considered in [43] . 
